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摘  要 
 
木质素是地球上最主要的可再生芳香族化合物，也是地球上仅次于纤维素的
第二丰富的可再生天然有机物资源，同时也是木材水解工业和造纸工业的副产
物，由于得不到充分的利用，成为环境污染物。木质素具有独特的苯丙烷单元结
构，使之成为未来最有可能的芳香族化合物的稳定来源。本论文以木质素降解酶
及其模拟酶为手段，使木质素及其模拟物在不同降解体系中转化为具有应用价值
的酚类化合物。 
一、通过发酵黄孢原毛平革菌得到木质素过氧化物酶、锰过氧化物酶和漆酶。
研究了在水相条件下发酵液中的酶与沉淀状态的木质素在反应过程中酶液组分
和木质素结构发生的变化。酶对木质素的降解需要协同作用，因此酶液的组分较
酶活的大小在降解过程中更为重要：酶活力较高的 LiP 酶液与活性较低的
LiP/MnP/Lac 酶液在相同条件下降解碱木质素，前者降解率为 20.064%，后者为
28.8362%。通过分析反应液中的总酚量，复合酶液的酚含量高于单一酶液
19mg/L。木质素降解酶对木质素的降解过程属于自由基反应，为了得到大量的
酚类化合物，可以通过在反应体系中掺入小分子的自由基稳定剂，将酶对木质素
的降解控制在特定阶段，以减少开环反应的进行。本论文选择了甲酸和甲醇作为
自由基稳定剂。将甲酸和甲醇分别添加到反应体系中，通过分析反应液中的酚含
量和碱木质素失重的情况发现，甲醇有利于碱木质素的失重，甲酸有利于酚类物
质的积累。 
二、为了使木质素以溶液形式与酶液反应，将木质素溶解到离子液体中，选
择了三种能在室温下溶解木质素的离子液体：[Bmim][MeSO4]、[Mmim][MeSO4]
和[Hmim][CF3SO3]。离子液体以氢键结合木质素，导致流动性增大。当木质素和
水同时存在于水溶性离子液体中，离子液体优先于水形成氢键，导致木质素析出。
不溶于水的离子液体与木质素结合后依旧不与水互溶。阴离子 CF3SO3 的存在使
离子液体具有与水形成双相且能通过改变体系中的物质含量发生相转换的特殊
能力。根据离子液体自身的特点可以采用不同策略使溶解其中的木质素与酶液发
生反应。 
三、根据[Bmim][MeSO4]和[Mmim][MeSO4]溶解木质素后能与正戊醇相容这
一特性，将木质素-离子液体参杂到 W/O 型微乳液的乳化剂组分中。使水相中的
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降解酶能直接与微乳液界膜上的参杂态木质素发生反应，反应产物则被萃取到微
乳液的有机相中，实现一边反应一边萃取。 
四、离子液体[Hmim][CF3SO3]溶解了木质素之后其特殊的相转换能力并未消
失。这一特性可用于木质素在[Hmim][CF3SO3]-CH2O2-酶液的三元液液相平衡体
系中。这一反应体系比较适合非蛋白酶类的催化剂对木质素或木质素的模型化合
物进行降解，主要原因在于阳离子 Hmim 会导致蛋白酶的部分失活。 
五、合成了 EDTA-Fe 和 GIF 模拟酶，通过上述两种模拟酶评价在三元液液
相平衡体系中催化剂对木质素模型化合物 DHPs 的降解以及产物的分离。实验结
果证实，两种模拟酶均能在木质素-[Hmim][CF3SO3]-CH2O2体系中高效催化DHPs
的降解并积累酚类物质。 
 
关键词：木质素；酶促降解；微乳液；三元液液相平衡体系；酚； 
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Abstract 
 
Lignin is the main renewable aromatic compounds, is the second most abundant 
renewable natural organic matter on the earth. And it is a byproduct of the wood 
industry and paper industry. Due to the lack of effective use and it becoming 
environmental pollutants. Lignin has a unique phenylpropane structure unit, making it 
most probable to be the stable source of aromatic compounds in the future. In this 
paper, we use lignin-degrading enzymes and its mimics converse lignin and its model 
compounds to phenolic compounds in different degradation systems. 
Ⅰ. Get lignin peroxidase, manganese peroxidase and laccase by fermenting 
phanerochaete chrysosporium. We studied the reaction process by detect the changes 
of enzyme component and lignin structure in water solution. Lignin degradation 
requires multiple enzymes collaborative. Component in the enzyme solution is more 
important than the size of the enzyme activity. LiP has a higher activity than 
LiP/MnP/Lac, the two enzymes degrade alkali lignin in the same condition. The 
former degradation rate is 20.064%, the latter is 28.8362%. Analysis the content of 
phenol in the two reaction solutions. Complex enzyme is higher than single enzyme. 
Lignin degradation reaction was the radical reaction. Incorporation the stabilizer of 
radical in the reaction system can control the reaction in a particular stage, to produce 
amount of phenolic compounds. This paper selected two radical stabilizers--Formic 
acid and Methanol. To added the formic acid and methanol in reaction system, 
analysis of the weight loss of alkali lignin and phenol produced. The situation is 
methanol is conducive to weight loss alkali lignin, formic acid conducive to the 
accumulation of phenolic substances. 
Ⅱ. We selected three types of ionic liquid witch can dissolve the lignin at room 
temperature. [Bmim][MeSO4], [Mmim][MeSO4] & [Hmim][CF3SO3]. Ionic liquid 
dissolved lignin by hydrogen bonding, Leads to mobility increased. When the lignin 
and water are present at the same time, the water-soluble ionic liquids form hydrogen 
bonds with water for priority. And the lignin precipitated. Water-insoluble ionic liquid 
dissolved lignin still not mutual solubility with water. Due to the anions CF3SO3, ionic 
liquid has to form a biphasic with water and phase converted abilities. According to 
the characteristics of ionic liquids, take different strategies to make it reaction in a 
homogeneous phase. 
Ⅲ. Ionic liquid that dissolved lignin can miscible with amyl alcohol. The 
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